We use a method, dynamic output feedback control method, to control chaotic permanent magnet synchronous motor (PMSM) with disturbance. The controller is constructed base on dynamic feedback theory; the controller can make chaotic PMSM stabled to zero point in theory. The numerical simulation shows the effectiveness of the theoretical analysis.
INTRODUCTION
PMSM is reliability and quiet (Sun et al., 2014; Beyhan, 2015; Feng et al., 2015) . PMSM is in chaos when PMSM in turn on or off. Chaos is harmful for PMSM; chaos can degrade performance of PMSM and restrict the operating range of numerous electrical and mechanical devices. So it is important for PMSM to control chaos (Harb, 2014; Zhang and Mao, 2015) . Chaos control in PMSM is very difficult, since PMSM is multivariable, nonlinear and strongly coupled plant.
PMSM has many advantages than traditional motor because its high efficiency, high power density and high torque current. However, PMSM will appear complex chaotic phenomenon when PMSM in turn on or turn off. When PMSM is in chaos state, the torque of PMSM changes randomly and the speed of PMSM oscillates in a range, which are harm to PMSM. It is an important task to control chaos of PMSM (Pecora and Carroll, 1990; Chan and Chau, 2014) .
It is a very difficult task to control PMSM because PMSM is nonlinear system, multivariable and strongly coupled system. With development of modern nonlinear theories, many chaos control methods are researched (Nakashima et al., 2014; Chen and Dong, 1998; Adhikari et al., 2016) . Some methods also are used to control chaotic PMSM (Wang, 2003; Kar and Mishra, 2012; Chen, 2006; Ren and Liu, 2014; Zribi et al., 2015; Jogendra et al., 2013; Freitas et al., 2016; Chen et al., 2013; Kraḧenbuḧl et al., 2011) , such as OGY method, which method need find an adjustable parameter which is very complex. Time-delay feedback control (TDFC) method is an effective method for control chaotic PMSM. However, it must meet the control objective must be the equilibrium or the Unstable Periodic (UPO), it is difficult to determine the time delay. With the progress of science and technology, there appear many methods to control chaotic PMSM (Zheng et al., 2016; Zhang and Odbal, 2016; Liu et al., 2016; Zhou, 2014; Zhou et al., 2014) .
With the development of chaos theory, there are many control and analysis methods in chaotic system (Kuo et al., 2015; Ma et al., 2014) . There are linear and nonlinear generalized synchronization (Ma et al., 2015) , generalized synchronization , projective synchronization (Wang and Meng, 2014) and the backstepping nonlinear control, chaotic control of the coupled Logistic map, three methods of antisynchronization of hyperchaotic chen system , hybrid control (Elmas and Ustun, 2015) and passivity control (Qi et al., 2015; Harb, 2014; Solsona, 2014; Yahyazadeh et al., 2014) , and other control methods (Wu et al., 2013; Feeny and Moon, 2014; Adhikari et al., 2015) .
Nonlinear feedback control Fowler et al., 2014; Gibbon et al., 2014; Gamal and Emad, 2015) is an effective method to control chaotic system; dynamic outputs feedback control is a kind of nonlinear feedback control which has better control performation than static output feedback control. In this paper, apply Lyapunov stable theory and the optimal linear matrix inequality method; apply dynamic outputs feedback control to control chaos in PMSM with disturbance which can make chaotic PMSM is stabled to zero.
In Section 2, we analyze model of PMSM. In Section 3, we introduce chaos control method base on dynamic outputs feedback control. In Section 4, we design controller to control chaos in PMSM. In Section 5, we present numerical simulation to show correctness of the theoretical analysis. Finally, some conclusions are drawn in section 6.
MODEL OF PMSM
PMSM base on the d-q axis can be showed as follows.
where i d , i a and state variables, ωare motor angular frequency, u d , u a are direct axis and quadrature-axis stator voltage components, Jis the polar moment of inertial; T L is external load torque; β is the viscous damping coefficient; R 1 is stator winding resistance; L d and L q are the direct-axis and quadrature-axis stator inductors, respectively; Ψ V is permanent-magnet flux; n n is the number of pole-pairs.
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Where the transformed model of PMSM, which can be showed in the following nondimensionalized form.
where i d and i q are the transformed direct-axis stator and quadrature-axis stator currents; ωis transformed angular speed of the motor; u d and u q are transformed direct-axis and quadrate-axis stator voltage components, respectively. T L is the transformed external load torque; σ and γ is system parameters.
If u d =u a =T L =0, the system (6) can be regarded as system (6) with inputs after a period of the operating of the system. Let x 1 =i d , x 2 =i a ,x 3 =ω, the system (6) is rewritten as follows, 
There are two parameters in the system (7). The parameter values of σ and γ effect on chaos of PMSM. 
The system (7) is dissipative system because ∆V<0. Fig. 1 shows the phase portrait of due the system (7) when γ=28 and σ =10 . Parameter γ can decide the system (7) is chaos or not, the system (7) is chaos when about γ >14.3 and the system (7) is not chaos when γ <14.3 .
CHAOS CONTROL METHOD
The system (4) have three equilibrium point (0, 0, 0), (y-1, -√(y-1), -√(y-1)), (-1, √ (y-1), √(y-1)). We will discuss to make chaotic system (4) stable to zero point. The system (7) can be changed as follows,
Where x=[x 1 , x 2 , x 3 ] T ∈ R is state variable,A ∈ R n*n is a constant matrices, ∆A i (x i ) is function matrix, 
According to every function is continuous function or piecewise smooth function in function matrix. All x i in bounded attract domain. Every function of ∆A i (x i ) is bounded according to basic knowledge of the differential calculus, so ||∆A i (x i )|| ≤m i (i=1,2). 
CONTROLLER DESIGN
Due to system (7) has one of equilibrium point(0, 0, 0), consider system (7) stable in equilibrium point (0, 0, 0) by design dynamic output feedback control rule, x→0 when t →∞. Feedback control rule u and output y thereby form a closed loop system,
y Cx (12) Where B∈R n*M , C∈R P*n is control input and control output matrix.
Due to pure only static output feedback control is difficult to achieve the required system control performance, dynamic output feedback control are applied, 
So there is
(1)V(w)>0, and V(0)=0, namely V(w) is positive definite function.
(2) V(w)<0, and V(0)=0, namely V(w) is negative definite function.
According to Lyapunov stable theory, the augmented closed-loop system (14) is asymptotically stable inequilibrium point. So under the action of dynamic output feedback control law, system (9) stability in the balance point is proved, namely t→∞, x→0. Due to nonlinear terms A c , B c , C c are in A, nonlinear terms appear in inequality (19), in order to solve inequality (11) , variables of inequality (19) need are replaced, translate into linear matrix inequality with use convex optimization algorithm.
Matrix P is reasonable block,
Due to P is positive definite matrix, P -1 is positive definite matrix. S,Y∈R , 00
Then
Using Eqs. (21)- (24), Eq. (25) is changed the following matrix inequality,
Where Due to
And positive-definite matrix P are contract equivalence, the theorem is proof completed.
The solution of matrix inequality (12) and (13), the controller can be constructed as following steps,
(1) Apply the matrix algebra satisfy reversible matrix M, N of inequality (21).
(2) Apply above matrix M and N, andLMItoolbox solve Eq. (17), A c , B c , C c can be solved.
NUMERICAL SIMULATION
The system (7) can be expressed as follows 
Assuming initial values x 1 (0)=9, x 2 (0)=14, x 3 (0)=11. Figure 2 shows the state trajectory of system (4) with controlled. It can be seen from Figure 2 that the system (4) with controlled can be stabled to zero. 
CONCLUSIONS
In this paper, we analyzed the chaotic characteristic of PMSM and proposed an effective dynamic outputs feedback method for control chaotic PMSM system. Design dynamic outputs feedback controller base on Lyapunov stable theory. Dynamic outputs feedback controller can make chaotic PMSM system stable to zero when PMSM is in turned off. The simulation result shows the effectiveness of the method.
